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COMPLETE SPECIFICATION. 

Improvements in and relating to Devices for Obtaining a Mechanical 
Movement from the Action oS an Electric Cniient. 



We, Technograph Printed Circuits 
Limited, a British Company, of 32 Shaftes- 
bury Avenue. London, W.l, do hereby 
declare the invention, for which we pray that 
5 a patent may be granted to ns, and the 
method by which it is to be performed, to be 
particulaiiy described in and by the follow- 
iim statemrait : — 
This invCTtion relates to devices for ob- 

10 taming a mechanical movemrat from the 
action of an electric current, using the 
thermal effect of the current. 

If an elongated elastic heat conductive 
member thin in relation to its length has 

16 mounted on one face in relatively good heat 
conductive connection, but electricaUy in- 
sulated from it, an electrical conductor of 
considerable dimensions parallel to the 
lengi of the elastic member but of small 

20 dimensions in a direction normal to the face 
of the elastic member, and a current heavy 
enough to produce a substantial heating 
effect is passed through the conductor, the 
heat is asymmetrically dissipated in the 

26 elastic member, causfiig it *o undergo a 
change of form of substantial character by 
benduig, the effect decreasing though not 
disappearing as the heating of the elastic 
member becomes more uniform. The initial 

30 bending can be increased and the rate of 
decrease reduced by incoiporating a lon^- 
tudinal layer of insulatioii within the elastic 
membOT. 

It wiH be readily understood that lth& con- 
36 ductor need not be on the face of the elec- 
tric member but can be wilhin it provided 
t Twt the dimensions of the conductor are as 
above spedfied and that the association be- 
tween the conductor and the elastic member 
40 is such that the elastic member is asym- 
metr ically heat ed. 



It will also be readily imderstood that the 
elastic member need not be of drmgated 
form but may be of disc form in which case 
the member instead of bending xmder the 46 
asymmetric heating effect will change its 
foim from fiat to convex on the more highly 
heated side or in. more general tmns in-- 
crease its convexity on t&t side. In this 
case Ihe conductor may extend in two dimen- 50 
sions on or within the elastic member, while 
st£Il being of small dimensions n<»3nal to 
the surfece of the elastic member and the 
expression "surface direction" will be used 
to denote tiie large dimension(s) of the con- 65 
ductor whether associated with an elongated * 
or disc form of elastic member. 

An object of the present invention is to 
increase substantially the change of fom of 
an elastic member when asymmetrically 60 
heated by the aid of a conductor arranged 
as above described. 

According to one aspect of the invention 
mechanical forces (which may be externally 
applied or may be internal forces) come into 65 
action for the purpose, and accoiding to 
another aspect of the invention tixe elastic 
member is a bimetallic member, the arrange- 
ment being such that the part which is more 
highly heated by the asymmetric dissipation 70 
is the part of higher co^Sdent of ex^£>ansion. ■ 
As wOl be explained lat^ sojch a bimetallic 
device can be made independent of ambient 
temperature variations. In both aspects of 
the invention as compared with, mere asym- 76 
metric heating a substantial increase in the 
change of form takes place though in the . 
case of a bimetallic member the changes of. 
form due to the respective cases cannot be 
distinguished from one another. 80 . 

When mechanical forcos are employed the 
total change of form has two distinct com- 
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ponents, one which for convenience will be 
referred to a$ the primary change, due to the 
asymmetric heating effect above described, 
and the other which for convenience will be 
5 referred to as the secondary change, due 
directljr to the mechanical forces. To attain 
the desired ptnrpose these forces are arranged 
to act in such a way that tfie secondary 
change of fonn is substantial and in the 

10 same sense as the primary change so that the 
two changes supplement one another. Thus 
the primary change of form may caxisc fiie 
elastic member to pass through a dead- 
centre position at which forces come into 

15 action to produce the secondary change. If 
these forces are external to the elastic mem- 
ber they will continue to hold the elastic 
member substantially in its changed form 
when the current ceases and the heating 

20 eSect disappears, and the device will result 
in a persisting meclmical movement being 
derived from the temporary action of an 
dectric cmrent. 
Again, the elastic memb^ may be in a 

25 labile condition due to stresses locked with** 
in it so that it wHl spring suddenly from one 
configuration to ano&er when slightly de- 
formed, in which case if the primary deform-* 
ation is suffident, when it takes {dace the 

30 elastic member will spring suddenly from 
the one configuration to the other. 

Other features of the invention will api)ear 
as the description proceeds, reference being 
made to the accompanying drawings in 

35 which for the sake of deamess the thick- 
nesses of the various parts are greatly 
exagg^ted. 

Figures 1 to 4 show four simple examples 
of structures which may be used in practis- 

40 ing the invention; 

Rgures 5 to 8 show four examples of the 
invention in which a bimetallic member is 
used; 

Figure 9 shows an alternative to Figure 1; 
45 Figure 10 shows a further development; 
Figure 11 shows another form; 
Figures 12 and 13 show a form of the in** 
vention in which a secondary change of form 
is produced by external forces and is main- 
50 tained thereby until rdeased; 

n^es 14 and IS show developments of 
the simple f onns shown in Figures 1 and 
3; and 

Hgures 16 and 17 are elevations taken at 
55 right angles to the previous figures showing 
possible arrangements of the conductor. 

A simple way of producing an as3rm- 
metrical dissipation of heat with the con- 
sequent primary change of form called for 
60 by the invention is by the physical location 
oi iht conductor and a particularly simple 
form is that shown in Figure 1, in which a 
thin conductor 11 is mounted on one long 
face of a bar-like member 12 of elastic ma- 
65 t^i^, a thin layer 13 of insulation being if 



necessary interposed. Since the voltages in- 
volved need not be very high the insulation 
can be thin and thus not Under the 
dissipation of beat into the member 11, 
although as a general rule electrical 70 
insulators are also heat insulators. 

The asymmetrical dissipation can also be 
produced by using an elastic bar of non- 
uniform heat conducting nature, for instance 
of laminated structure with one or more of 75 
the laminations of less heat conductivity 
than others. In Figure 2, for example, the 
dastic bar is a laminated structure made up 
of two metallic bars 14, 15, separated by 
heat insulation 16. On the face of the mem- 80 
ber 14 is the conductor 17 insulated by a 
thin layer of insulation 18. Clearly when 
current is passed through the conductor 17 
the transmission of heat from the member 
14 to the member 15 is slowed down by the 85 
layer 16. 

In both Figures 1 and 2 the conductor 
being entirely on one side is necessarily 
located in physical asymmetrical relationship 
to the elastic member but other dispositions 90 
in particular within the elastic m^ber are 
also possible which wDl result in an asym- 
metric heating and therefore a bending of 
the bar when a current passes through the 
conductor. Thus with the conductor within 95 
the elastic member, even if the conductor is 
symmetrically disposed within an elastic 
member of uniform heat conductivity, asym- 
metric heat dissipation can be obtained by 
the provision of different boundary condi- 100 
tions at the faces of the elastic member on 
opposite sides of the conductor. Thus as 
shown in Figure 3 tibiere may be a conductor 
19 between two similar elastic bars 21, 22 
with similar thin layers of insulation 23, 24 106 
interposed. But on the bar 22 only is pro- 
vided a heat insulatmg or reflecting layer 
25 while the corresponding face of the mem- 
ber 21 may be treated or coloured to render 
it radiating. Thus when current is passed 110 
through the conductor 19 the member 22 
becomes hotter than the member 21, with 
corresponding elastic deformation of the 
structure. Figure 4 shows another example, 
in which parts which correspond with Figure 115 
3 have the same ref mnces but in this case 
the surface of the member 21 is in contact 
with a flowmg liquid 26. The structure is 
assumed clamped at its lower end and to 
allow elastic deformation the waB 27 of the 120 
liquid duct is made flexible. The elastic 
member itself is hereof ohysically sym- 
metrical construction as in Figure 3. 

JxL many cases the elastic heat conductive 
bar will primarily be of metal, though if a 125 
laminated structure is used the metal will 
be laminated with a material usually non- 
metallic which has low heat conductivity, as 
already indicated above in the description 
of Figure 2. 130 
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In use in many cases the conductor will 
only transmit current when it is desired to 
produce tiie change of form for some pur- 
poses to be achieved or some indication to 
5 be given. But cases are also possible in 
which the conductor normally carries cur- 
rent and the device normally remains in an 
equilibrium condition with its external sur- 
roundings; it will then undeigo a change of 

10 form when the current is cut off. 

It will be understood that the above-des- 
cribed section of the conductor constituting 
a heating element and the fact that the 
elastic member with which it is associated is 

15 in general a good conductor of heat, enables 
a comparatively heavy current to be -used, 
and therefore a considerable beating e&4ct 
to be achieved; moreover, an elastic miranber 
is able to imdergo deformation and recover 

20 its original forin, or substantially recover 
its original form, many times without suffer- 
ing damage. 

It will also be understood that in the 
devices above described with reference to 

25 Figures 1 to 4 if the current is maintained 
the primary deformation win reach a certain 
value and then, as the heating of the elastic 
member becomes more uniform, some of 
this deformation will disappear; after a cer- 

30 tain time an equilibrium condition will be 
reached under wMch there will still be a cer- 
tain primary deformation because the metal- 
lic member is being heated asymmetrically, 
but just because a good conductor of heat 

36 is used, when equilibrium conditions are 
reached the d^onnation will not be very 
great 

A particular property of a device of this 
character is that it is siistantially insensitive 

40 to ambient temperature conditions. It is 
true that if the heating element and the 
elastic member are ci different metals the 
asymmetry of tb& arrangement would 
theoretically cause slight deformations with 

46 ambient temperature changes, but just be- 
cause the conductor is thin in a direction 
normal to the elastic member, any con- 
straints which it exerts due to differences of 
thermal coefficient of expansion would have 

60 littie effect on the elastic member, especially 
if, as may be desirable, the form of the con- 
ductor is made such as to keep^ such con- 
straints to a low value. This property of 
the device makes it useful for many pinr- 

66 poses where, for example, a bimetallic strip 
heated by the passage of a current is not 
suitable. 

In one aspect of the invention the elastic 
memba: itseft is a ^metallic strip, bar or the 
60 like, the heating element bemg arranged so 
that the greatest heating effect due to the 
heating element is on that side of the bi- 
metallic member which expands at the 
greater rate. 

65 A simple form is illustrated in Figure 5» 



in which a bimetallic strip consisting for 
example of a brass element 28 and a steel 
element 29 is shown in the form of a canti- 
lever ffxed at one end. When such a strip 
is heated it would bow to the left in the 70 
figure, because the coefficient of expansion 
of brass is greater than that of steeL In 
applying tiie present invention, therefore, a 
thin conductor 31 is applied to the brass dle- 
ment 28 with the interposition of a thin '^^ 
layer 32 of insulation. If this structure is 
now heated by passing a current throu^ 
the conductor 31 the bimetallic strip is not 
only heated but it is heated asymmetrically 
and in this way therefore a substantially ^ 
greater deformation for a given power input 
is obtained and a greater farce can be ob- 
tained. Thus, a more effident device can be 
produced, or for a given movement a more 
rapid response. Independence of ambient 85 
temperature conditions can still be obtained 
by providing a second bimetallic strip hav- 
ing the same law of deformation as the first, 
but without a heating element and using it 
to compensate those movements of the first 
bimetallic strip which are due to ambient 
temperature changes. 

If, for example, as in Figure 6, two bi- 
metallic cantilevers 33, 34, one of them being . 
constructed exactiy as in Figure 5 and the ^5 
other consisting only of the bimetallic canti- 
lever identical with tiiat used in the first, are 
arranged in parallel and their free ends are 
joined by a telescopic member 35, under the 
action of a spring, then no changes in the 
force ecerted cm this member wiU occur 
und^ ambient temperature changes but they 
will occur if a current is .passed through the 
heating dement 36. In the form shown when 
the current is passed tiirough tiie heating ele- 105 
ment 36 the member 33 will head to the 
Ic£l Thus if tile member 35 has a pair of 
contacts carried by its respective parts which 
are closed* they will then open. The oppo- 
site effect would be obtained if the member HO 
36 were provided on the member 34. Alter- 
natively, as shown in Figure 7 the feree end of 
a first bimetallic member 37 is linked to the 
clamped end of a second bimetallic member 
38 of similar construction and dimensions to 115 
the fijrst. The clamped end of the member 
38 may for example be mounted in a slide 
block 39 moving in guides 41. The two 
members 37, 38 are arranged oppositely so 
that when there is an ambient temperature 120 
change the movement due to the deforma- 
tion of one of them is exactiy equal and 
opposite to that of the other and accordingly 
the outer end of tiie member 38 remains in 
constant position. Either <or both) cantilevers 125 
is ^vided with an insulated conductor in 
accordance with the invention and hy ener- 
gising one of them a deflection of the outer 
end of the member 38 can be obtained. 
Other relative arrangements on the same 130 
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bimetallic strips as long as the heating ele- 
ment is in action there will be a considerable 
defomiation even when equilibrium is 
5 leached. 

There will, in general, be a time lag be- 
tween the switching on erf current and the 
maximum deformation and this, in turn, will 
put a limit on the frequency at which the 

10 device can be used, but the time lag is small 
enough and the frequency hi^ enough for 
the device to be useful for very many pur- 
poses. The actual time lag can be varied by 
choice of the dimensions, materials and 

16 actual construction of the elastic member 
and the heating element. 

The extent of deformation can be substan- 
tially mcreased by interposing a thin layer of 
heat insulating material at a place within 

20 the elastic member which hinders the trans- 
mission of heat to tiiat part of flic metallic 
member which in any case would be last 
heated during the passage of current through 
the conductor. An example is above des- 

26 cribed with reference to Rgure 2. 

This development could be used in associ- 
ation with a bimetallic member which in this 
case would become a sandwich of two differ- 
ent metals on opposite sides of flie layer of 

30 heat insulating material 

An example is illustrated in Figure 8, 
Here there are two elements 42, 43. one 
say of brass and the other of steel, with a 
thin conductor 44 between them. Between 

35 .the conductor 44 and the brass element 42 is 
a thin layer of electrical insulation 45 while 
between the conductor 44 and the steel de- 
ment 43 is a thicker layer 46 of material 
■■ whidi is both an electric insulator and a 

40 good heat insulator. When current is passed 
through the conductor, more heat is dis- 
sipated into tiie brass than into the steel and 
the deflection of the whcde structure is sub- 
stantially greater than it would be if it were 

45 uniformly heated. 

The elastic member can be of bar form 
with the conductor secured on one long face 
as ia the above described examples; desir- 
ably also as shown in the above examples, 

50 tiie conductor extends over a substantial 
part, or even the whole of the long side of 
the bar. The deformation in the case of 
Figure 1, for example, is not very great, but 
tiie time lag is very small. If the primary 

55 deformation is to be increased by tiie use of 
a layer of insulation, the layer of insulation 
can extend as in Figure 2, within the bar 
paralld with the face on which the conduc- 
tor is provided; it can, for instance, be half- 

60 way through the thickness as shown in 
Figure 2, so that in effect in the latter case 
the bar becomes a sandwich of two bars with 
a thin layer of thermal insulation between 
them and with an insulated conductor se- 

65 cured on the ^posed long fece of one of the 



tion occurring on heating is a change of 
curvature of the bar in planes normal to 
the face carrying the conductor. Generally 
speaking, the bar might be straight when no 70 
current is flowbg. and it will then become 
curved. If a bar of this kind is clamped at 
one end the other end will move laterally 
when the deformation occurs; if it is clamped 
in the middle as indicated at 47, Figure 9, 75 
both ends will move laterally; in ^ect it 
win be two cantilevers operatmg in paralld 
and the movement of each half can con- 
stitute a separate primary deformation. 

It is also possible as shown in Figure 10 80 
to make a sandwich construction in which 
the conductor is between two bars 48, 49 of 
the same elastic material; on one side die 
conductor 51 is secured as dose to the bar 
48 as is compatible with electrical insula- 85 
tion 52 while on the other side a layer 53 is 
provided which is not only an electrical in- 
sulator but also provides a substantial heat 
insulation, so that once again liie composite 
bar is heated asynunetrically and will deform 90 
similarly to the constructions of Figures 1 
and 2 described above. It will be understood 
that with these sandwich constructions, 
though the deformation is greater, the time 
lag is also greater than in tiie case of a 05 
simple bar, 

TTie examples above described are of bar 
form but it is also possible to embody the 
invention with an elastic member of disc 
form, in which case the deformation will be 100 
a change m convexity and may be from a 
flat form to a convex form when the current 
passes. In this case the conductor may take 
a spiral form or preferably, as shown in 
Figure 11, a doable spiral 55 may be used 105 
so as to avoid inductive effects. Jn tMs 
figure the disc is indicated at 54. 

The use of the devices above described 
with reference to Fi^s. 1 to 4 and 9 to 11 to 
embody the invention requires mechanical 110 
forces to come into action to produce a 
secondary change of form. H it is desired 
that the elastic member once having been 
deformed should remain so after the current 
has been cut off and until some oflier oper- 115 
ation, generally a mechanical operation, is 
performed, this cari'6e effected by preloading 
.the member in a condition and under a load 
such that when the current passes the mem- 
ber is moved over a dead centre. For 120 
example, a bar can be held under endwise 
pressure, or a disc under radial pressure, 
which bows it slightly in a direction opposite 
to the bowing produced by the heating effect; 
then when heating has bowed it the otiier 125 
way, the end pressure or radial pressure will 
increase flie bowing and continue to hcdd 
it bowed in this opposite direction after the 
current has been cut off. 

Figures 12 and 13 illustrate this. In 130 
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Figure 12 an elastic bar 56 having pointed 
ends is normally slightly bowed upwards and 
is mounted between the two parts 57, 58 of 
a bracket which are mutually guided and 
6 are drawn towards one another by a spring 
61. The bar 56 is for the sake of simplicity 
shown as in Figure 1 with a conductor 62 
insulated by a layer 63 on one face. This is 
the face which is normally concave. When a 
10 current is passed through the conductor the 
asymmetric heating causes the concave face 
to expand more than the convex face and 
the bar 56 now bows in the opposite direc- 
tion, as shown in Figure 13. But in this 
16 form of the invention when the heating eifect 
disappears the bar remains bowed as in 
Figure 13 by the action of the spring 61. It 
will be understood that the strength of the 
spring must be such as will permit the bar 
20 to change its curvature to pass from the con- 
dition of Figure 12 to that of Figure 13 but 
to prevent the bar from returning to its 
origmal form when the heating effect dis- 
appears. Some additional means not shown 
25 will be provided for releasing the action of 
the spring sufficiently to enable the bar to 
return to its original form when desired. 

While Figures 12 and 13 illustrate the par- 
ticular case of a bar, a similar construction 
30 can comprise a disc with spring means act- 
ing radially. Thus there could be a multi- 
part bracket engaging spaced -points round 
the i>eriphery of the disc, the parts being 
drawn together by a spring equivalent to the 
35 spring 61. 

Another possibility of bring mecha- 
nical forces into action to produce a second- 
ary change of form is to use an elastic mem- 
bei' generally of metal which by means of 
40 stresses locked in the material is in a labile 
condition. Koiown devices of this kind are 
oil-can bottoms and snap lids in the case of 
discs and the blades of micro-switches in the 
case of members of bar or strip form. By 
45 providing a device of this character with a 
heating element which produces a primary 
change of form a much increased total de- 
formation can be obtained but in this case, 
in general, when the heating is stopped the 
50 device will return to its starting position. 
In these cases the greater part of the move- 
ment takes place suddenly which miay be of 
advantage when the device is used for elec- 
tric switching, e.g., as a relay. 
56 A further development of the aspect of 
the invention which requires mechanical 
forces to come into action to produce a 
secondary dhange of form is to provide a 
bar member or disc of the simple tocia shown 
60 in Figure 1 or the sandwich form shown in 
Figure 2» witii a conductor on both sides. 
Figure 14 is an example in which there is a 
sandwich comprising two elastic bars 64, 
65, with a layer 66 of heat insulation be- 
65 tween them. There is here an insulated con- 



ductor 67, 68 respectively on each side. 
Again, a bar member or disc of a sandwich 
form based on that shown in Figure 10 can 
be jffovided with a conductor on both sides 
of the thermal insulating layer, as shown 70 
in Figure 15. where the conductors are 
marked 69, 71 respectively, 72, 73 bemg the. 
elastic members, 74 75 the insulation, and 
76 the heat insulator. In Figures 14 and 15 
only one conductor will be enex^^sed at a 75 
time, but by choosing which is energised, 
the member can be dSormed to one side or 
the oth^. A secondaiT^ change of form will 
be .produced as before by mechanical forces 
coming into action when the deformation 80 
due to heating by the conductor takes place. 

The conductor itself can be produced in 
various ways. It is very conveniently pro- 
duced by printing, since a printed conduc- 
tor can easily be given the necessary charac- 86 
teristics of thinness normal to the surface on 
which it is printed, and any desired width on 
the surface. And of printed conductors, 
conductors iiaroduced in accordance with 
Patent No. 639.178 are particularly weU 90 
adapted to the pmrpose in view. It has been 
found, ifor example, that a conductor of 
cupronickel foil of ^ mil. thick of a ag-zag 
form .produced in this way on a thin support 
of a synthetic resin, e.g. an epoxy resin . 96 
as sold under the Registered Trade Mark 
"Araldite", and secured to a metallic bar 
member by a cement such as used in the 
securing of electric^ resistance strain gauges 
can wimout difficulty dissipate into the metal 100 
bar the heat derived from a loading of well 
over 10 watts per square inch. 

As above noted, it may be desirable to 
arrange tiie conductor in such' a way that it 
is not harmed and does not exercise substan- 105 
tial elastic constraint on the metallic mem- 
ber. This can be done by anaiifiSng the con- 
ductor in a ag-zag or grid iron pattern in 
which the limbs extend transverse to the 
length of the metallic member. Such an 110 
arrangement is shown in Figure 16, where 
the conductor 77 is of grid formation, la 
some cases, however, it may be desirable 
that the conductor should be elastically 
strained as the member deforms. In this 115 
case, as shown at 78 in Figure 17, the grid 
iron or mg-c:ag limbs would extend length- 
wise of the metallic bar, in which case the 
heating and deformation should be limited 
to a value which avoids damage. This 120 
arrangement may be used, for instance, 
where it is desxied to keep a check at some 
remote point on the amount of deformation, 
or use tins indication of the amount of de- 
formation to control another drcuit This 126 
can be done by using the conductor not only 
as a heating dement but also to actuate the 
sort of drcuit which is used with a strain 
gauge. However, the former airangemoit in 
which the grid-iron or zig-zag limbs are 130 
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10 of the conductor can be ascertained but no 
direct indication of the amount of deforma- 
tion, 

A valuable feature of the device according 
to the invention in which mechanical pres- 

15 sure used is that is can exert considerable 
forces whea undergoing its primary change 
of form because in general metals have a 
high modulus of elasticity and ttie forces 
exerted are directly related to this modulus. 

20 In the case of a bimetallic member the forces 
are high over the whole movement. 

The device according to the invention can 
be used for many purposes. In general it 
can be used for example to replace a simple 

25 bimetallic strip wherever such a strip is 
heated by the passage of an electric current* 
The device can be used as a relay in which 
case it will usually be of lighter and cheaper 
construction than an electromagnetic relay. 

30 In a larger size it can be used as a contactor 
to control heavier currents than can be 
dhtctly controlled by a relay just because as 
above pointed out it is capable of developing 
large forces. It can be used for the con- 

35 struction of switches and relays with a wide 
range of time lag from very small up to 
such long delays as would not readily be 
achieved with ordinary electromagnetic 
relays. In this case of relays and switches 

40 a quick closing and opening action, indepen- 
dent of the actual time lag, and a large break 
can be obtained by the use of an elastic 
member in a labile condition as above des- 
cribed. The device can be used as an auto- 

45 matic interrupter of comparatively low fre- 
quency by making its movements control the 
flow of current tiirough its own heater. 

The device can be used as a ch-cuit breaker 
which remains open once it has operated 

50 until it is re-set manually or by some other 
piece of aroaratus. For this purpose, the 
type described above» with reference to 
Figures 12 and 13 for example, which is pre- 
loaded and moves over a dead centre when 

55 current passes, would be used 

Since the response of the device depends 
on the current in the heating element a 
device according to the invention can be 
made to distinguish between low currents 

60 and high currents and this is especially valu- 
able in an automatic circuit breaker used for 
protective purposes. The device can also 
be used as an indicator in the like circum- 
stances where it is not necessary that a cir- 

65 cuit should be broken but simply l^at an 



that element is included in a bridge circuit. 75 
If the element breaks the bridge is thrown 
out of balance by a vast amount because a 
finite resistance in one arm is suddenly made 
infinite. There is accordingly an immediate 
substantial current increase in the output 80 
diagonal of the bridge. If the heater of a 
device arcording to the invention is in- 
cluded in the diagonal* this sudden increase 
will actuate the devia;, thus giving a remote 
signal, or causing some operation to be per- 85 
formed, whereas the normal current in the 
diagonal while the bridge is only out of 
balance to the extent caused by me resis- 
tance variations in the arms wiU not affect 
it. 90 

Another possible use for the device 
according to the invention is as an indicator 
of the flow or temperature of a flowmg 
medium such as a liquid. In this case, the 
flowing medium wiQ influence lie heat car- 95 
ried away from one face of the device. For 
instance, it may flow past it as in Figure 4 
and the heating clement will usuaMy be con- 
tinously energised. Changes in tihie rate of 
flow and /or tiie temperature of the medium 100 
will influence the asymmetry of the heat 
dissipation in the elastic member, and thus 
vary the primary deformation. If the vari- 
ation is sufficient, there will be a sudden 
change if the secondarj' movement is pro- 106 
duced by a labile member as above des- 
cribed, so that the device is particularly use- 
ful for showing sudden changes. 

The construction of the device by which 
the primary deformation is produced can 110 
here be physically symmetrical, for instance, 
the heating element may be the centrd layer 
of a sandwich of two metallic members of 
identical form. The flowing medium flows 
past the face of one, while the other is pro- 116 
vidcd with a heat insulating or reflecting 
layer. 

We are aware of Patent No. 741,384 
(National Research Development Corpora- 
tion) which claims an electrothermal device 120 
which "comprises essentially a metal or other 
heat expansible strip (which may be of com- 
posite form including a layer of relatively 
low heat conductivity or may comprise a low 
conductivity layer of paper, adhesive or 125 
cement sandwiched between two high con- 
ductivity layers) and at one face or side only 
thereof an electrical heating dement (which 
element may be flexible and in close physical 
contact with the heat expansible strip, and 130 
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may be in the form of a strain gauge element 
of the type comprising a zig-z^. conductor 
adhering^ a paper or other backmg 
and wlTich may be produced by "prmted 

5 circuit" technique) such that on passmg suffi- 
cient current through the heating element 
the strip expands at its heating element face 
first and the strip is bowed until the t^npera- 
ture gradient from face to face of the strip 

10 becomes relatively small. 



66 



What we daim is:— . 
1 A device for obtainmg a mechanical 
movement from the action ci aa electxic 
current in which a relatively thin clastic heat 
16 conductive member has associated with it 
in relatively good heat conductive connec- 
tion but electrically insulated from it. an 
electrical conductor of considerable dmen- 
sions in fee surface direction of the elastic 
20 member but of smaU dimensions normal to 
the surface of the elastic member, the con- 
ductor being mounted on one face of the 
elastic member, or the conductor bang 
mounted within the elastic member and the 
25 heat transmission properties of the elastic 
member being asymmetrical, so that m eitner 
case if a current heavy enough to produce a 
substantial heating effect is passed through 
the conductor, the heat is asymmetrically 
30 dissipated in the elastic member, causing it 
to undergo a primary change of form wlucn 
is of a substantial character, while when 
^ such primary change of form takes place, 
mechanical forces come into action such tiiat 
35 the elastic member is also caused to under- 
go a secondary change of form which is also 
substantial and in the same sense as the pri- 
mary change so that the two changes supple- 
ment one another. 
40 2 A device according to Claim i in 
which the primary change of form causes Gie 
clastic member to pass through a dead centre 
position at which forces come into action 
to produce the secondary changes. . 
45 3. A device according to 2 m 

which the forces continue to hold the elastic 
member substantially in its changed form 
when the current ceases and the heaUng 
effect disappears. ^ . . 

50 4 A device accordmg to Claim J m 
which the elastic member is in the form of 
a bar held under endwise pressure or ot a 
disc held under radial pressure, the primary 
deformation causing it to change its form 
65 from one in which it is bowed to one side of 
tiie Une or plane of the forces to one m 
which it is bowed to the other side of the 
line or plane of the forces. 

a. A device accordmg to C^aun l m 
60 which the elastic heat conductive member 
is in a labile condition due to stresses locked 
within it so tiiat it win spriuR suddenly frcmi 
one configuration to another when the pn- 
mary drformation takes place. 



70 



75 



80 



85 



90 



95 



6 A device for obtaining a mechanical 
movement from the action of an electric 
current in which a relatively thm elasuc bi- 
metallic member has associated with it m 
relatively good heat conductive connection 
but electricaUy insulated from it, an electric 
conductor of considerable dimensions m mt 
surface direction of the elastic member but 
of small dimensions normal to the surface 
of the elastic member, the conductor being 
mounted on one face of the elastic member, 
or the conductor being mounted witinn the 
elastic member and the heat transmission 
properties of the elastic member being asym- 
meteical, so that in eitiier case if a current 
heavy enough to produce a substantial heat- 
ing effect is passed through the conductor, 
the heat is asymmetrically dissipated m the 
elastic member, the arrangement being such 
that the part of the bimetalHc member which 
is more highly heated by the asymn^tnc dis- 
sipation is the part of higher coefficient of 
expansion. _ . ^ 

7 A device according to Claim 6 com- 
prising two bimetallic members mutuany 
arranged to compensate for ambient tenaper- 
atore changes, me conductor only dissipat- 
ing heat into one of them. 

8. A device according to Clarm / m 
which two similar bimetallic members are 
sunilarly moimted parallel to one another 
so that they deform equally under ambient 
temperature changes, means being proyided 
responsive to relative movement of the bi- 
metallic members when one of -them is de- 
formed relatively to the other by heatmg of J-"" 
the conductor. 

9. A device accordmg to Oaim 7 in 
which the two bimetallic members are canti-- 
levers, the anchored end of one being carried 
in a slide linked to the free end of tiie other luo 
and guided to move in the direction m which 
the free end moves as the temperature of 
that cantilever changes. 

10. A device according to any inreceding 
claim in which the elastic member is of bar ^-^u 
form and the craductor is of gnd iron or 
similar form with its limbs transverse to the 
length of the elastic member. 

11. A device according to any precedmg 
claim in which the elastic member is of bar iao 
form and the conductor is of grid iron or 
similar form witii its hmbs set in the same • 
direction as the length of the elastic member 
so that whai the conductor is heated the 
hmbs of the conductor are elastically 120 
strained by the elastic member. ^ 

12. A device according to any of Clams 
1 to 9 in which the elastic member is of disc 
form and the conductor is of spiral form. 

™ A device accordmg to any of Oaims 126 
1 to 9 in which the elastic member is of disc 
form and the conductor is of double spiral 
form to avoid inductive effects. 

14. A device according to any preceding 
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claim in which the elastic member is wholly 
of metal. . 

1 ^^\A ^^^^^^ according to any of Claims 
^ 1 to 13 in which the elastic member is of 
«> laminated construction, at least one lamina- 
tion of low heat conductivity bang included 
to delay the dissipation of heat to the part 
of tile member remote from the conductor, 
m 1 , ^.A^?:^??^c«>^iig toany of Claims 
iU 1 to 14 m which the conductor is sandwiched 
between parts of the elastic member. 

17. A device according to Qaim 16 in 
wmch the asymmetric dissipation of heat is 
produced by the provision of a heat insulat- 

10 ing layer on one side of the conductor. 

18. A device according to Claim 16 as 
limited to any of Claims 1 to 5 in which the 
asymmetric dissipation of heat is produced 
by the provision of a layer of heat insulating 

^0 or reflecting material on one adc of the 
elastic member. 



19. A device according to Claims 16. 17, 
or 18, in which a cooling liquid flows in 
contact with that side of the elastic member 
which is to be at lower temperature. 25 

20. A device according to any preceding 
claim m which the conductor is produced bv 
printmg. 

21. A device according to Claim 20 in 
which the conductor is produced in accord- 30 
ance with Patent No. 639,178, 

22. A device for obtaining a mechanical 
movement from the action of an electric 
current substantially as described with refer- 
ence to Figures 5 to 8 or Figures 12 and 13 35 
ot the accompanying drawings. 

SEFTON-JONES. O'DELL & STEPHENS. 
Chartered Patent Agents, 
15 Great James Street 
London, W.C.I. 
Agents for the Ap^icants. 



PROVISIONAL SPECIHCATION. 

Improvements in mi relating to Devices for OMaimng a Mechanical 
Movement from the Action of an Electric Current. 



We, Technograph Prioted Circuits 
LiMirtED, a British Company, of 32 Shaftes- 
bury Avenue, London, W.l, do hereby 

40 declare this invention to be described in the 
loDowing statement: — 

lliis invention relates to devices for ob- 
taining mechanical movement jfrom the 
action of an electric current, using the 

45 thermal effect of the current. 

According to the invention an dastic heat- 
conductive member has assodated with it in 
rdatiyely good heat-conductive connection 
but dectrically insulated from it. a conduc- 

60 tor of considerable dimensions parallel with 
the elastic member but of comparatively 
small dimensions in a direction normal to 
the elastic member, the association of the 
dastic member and the conductor being such 

oo that af a current heavy enough to produce a 
substantial heat effect is passed through the 
conductor, the heat is asymmetrically dis- 
sipated in the elastic member, causmg it to 
^™^^SO a change of form v/hich is consider- 

60 able compared with the mere expansion 
which It would undergo if heated uniformly. 
The asymmetrical dissipation of heat can 
be produced by the physical location of the 
conductor, for example on one long face of 

65 a bar-like member. It can also be produced 
or assisted by using an elastic bar of non- 
uniform heat-conductive nature, for instance 
of laminated structure with one or more of 
the laminations of less heat conductivity than 

70 others. Or again, the conductor can be sym- 
metrically disposed physically in relation to 
an elastic member of uniform heat-conduc- 



tivity, but with different boundary conditions 
at the faces on opposite sides of flie conduc- 
tor, for example a heat insulating or reflect- * 75 
ing layer on one side and a radiating or 
highly heat-conductive or absorbing layer 
on the other face, for instance a flowing 
JiqmcL 

In many cases the elastic heat-conductive 80 
bar wdl prnnarily be of metal, though if a 
lammated construction is used, the metal 
will be lammated with a material usually 
non-metalhc which has low heat con- 
ductivity, gg 

In use in many cases the conductor will 
only transmit current when it is desked to 
produce the change of form for some pur- 
poses to be achieved or some indication to 

u-^l^^.?' ^® ^0 possible in 90 

v/hich the conductor normally carries cur- 
rent and the device normally remains in an 
equilibrium condition with its external sur- 
roundmgs; it will then undergo a change of 

form when a change occurs in the surround- 95 
mgs which upsets the equilibrium conditions. 
It as stiU necessary that there should be some 
asymmetiy m the heat dissipation in the one 
condition or the other because without this 
thrae would be no change of fonn. - " ^ ^ " lOO 

It wiU be understood that the above- 
described secdon of the conductor constitut- 
ing a heating element and the fact that the 
elastic member with which it is associated 
IS in general a good conductor of heat 105 
enables a comparatively heavy current to be 
used, and therefore a considerable heatmg 
effect to be achieved: moreover, an elastic 
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member is able to undergo def onnation and 
recover its original form, or substantially 
recover its original form, many times with- 
out suffering damage. 
6 It will also be understood that in the form 
above described if the current is maintained 
the deformation will reach a certain value 
and then, as the heating of the elastic mem- 
ber becomes more uniform, some of the 

10 deformation will disappear; after a certain 
time an equilibrium condition will be 
reached under which there will still be a 
certain deforipation because the metallic 
member is being heated asymmetrically, but 

16 just because a good conductor of heat is 
used, when equilibrium conditions are 
reached the deformation will not be very 
great, 

A particular property of a device of this 

20 character is that it is substantially insensi- 
tive to ambient temperature conditions. It 
is true that if the heating element and the 
elastic member are of different metals the 
asymmetry of the arrangement would 

25 theoretically cause slight deformations with 
ambient temperature changes, but just be- 
cause the conductor is thm in a direction 
nonnal to the elastic memb^, any con- 
straints which it eXKts due to differences of 

30 thermal co-cflBlcient of expanaon would have 
little effect on the elastic member, espedaDy, 
if, as may be desirable, the form of the con- 
ductor is made such as to keep such con- 
strains to a low value. This property of the 

36 device makes it useful for many purposes 
where, for example, a bimetallic strip heated 
by the passage of a current is not suitable. 
In many cases, however, it can replace 
the functions of bimetallic elements with 

40 advantage. 

A further development consists in making 
the elastic member itself a bimetallic strip, 
bar or the like, the heating element being 
arranged so that the greatest heating effect 

45 due to the heating element is on that side 
of the bimetallic member which expands at 
the greater rate. In this way, a substantially 
greater deformation for a given power input 
IS obtained, and a greater force can be 

60 obtained. Thus, a more efficient device can 
be produced, or for a given movement a more 
rapid response. Independence of ambient 
temperature conditions can still be obtained 
by providing a second bimetallic strip having 

55 the same law of deformation as the first, but 
without a heating element and using it to 
compensate those movements of the first 
bimetaiiic strip which are due to ambient 
temperature changes. For example, if two 
60 bimetallic cantilevers are arranged in paral- 
lel and their free ends joined by a tension 
or a compression member, then no changes 
in the force exerted on this member will 
occur under ambient temperature changes, 
66 but they will occur if a current is passed 



through the heating element. Or one of the 
bimetallic members may be used to shift the 
clamped end of the other, the two being 
arranged in opposite directions so that the 
shift caused by the first is exactly equal and 70 
opposite to the shift of the free -end of the 
second under ambient temperature changes. 

Other relative arrangements on the same 
principles are also possible. In the case of 
bimetallic strips as long as the heating 75 
element is in action there will be a con- 
siderable deformation even when equilibrium 
is reached. 

There will, in general, be a time lag be- 
tween the switching on of current and the 80 
maximum deformation and this, in turn, will 
put a limit on the frequency at which the 
device can be used, but the time lag is small 
enough and the frequency high enough for 
the device to be useful for very many pur- 85 
poses. The actual time lag can be varied 
by choice of the dimensions, materiEds and 
actual construction of the elastic member 
and the heating element 

The extent of deformation can be sub- 90 
stantially increased by interposing a thin 
layer of heat insulating material at a place 
within the elastic member which hinders the 
transnussion of heat to that part of the 
metallic membex which in any case would 95 
be last heated during the passage of cm^ent 
through the conductor. 

This development could be used in assoda^ 
tion with a bmietallic nasmber which in this 
case would become a sandwich of two dif- 100 
f erent metals on opposite sides of the layer 
of heat insulating material. 

By way of example, the elastic member 
can be of bar form with the conductor 
secured on one long face; desirably, the con- 105 
ductor extends over a substantial part, or 
even the whole of the long side of the bar. 
The deformation in this case is not very 
great, but the time lag is very small. If the 
deformation is to be increased by the use 110 
of a bimetallic member of a layer of 
insulation, the junction between ^e two 
metals or the layer of insulation pan extend 
within the bar parallel with the face on 
which the conductor is provided; it can, for 115 
instance, be hzdf-way tluough the thicloiess 
so that in effect in the latter case the bar 
becomes a sandwich of two bars with a thin . 
layer of thermal insulation between them 
and with an insulated conductor secured on 120 
the exposed long face of one of the bars. 
With such constructions, the deformation 
occurring on heating is a change of curva- 
ture of the bar in planes normal to the face 
carrying the conductor. Generally speaking, 125 
the bar might be straight when no current 
is fiowii^ and it will then become curved. 
K a bar of this kind is clamped at one end 
the other end will move laterally when the 
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deformation occurs; if it is clamped in tha 
middle, both ends will move laterally. 

It is also possible to make a sandwicli 
construction in which, the conductor is be- 
6 tween two bars: on one side the conductor 
is secured as close to the bar as is compatible 
with electrical insulation, while on the other 
side heat insulation is provided, so that 
once again the composite bar is heated 

10 asymmetrically and will deform similarly to 
Ae two constructions described above. It 
will be understood that with these sandwich 
constructions, though the drformation is 
greater, the time lag is also greater than in 

15 the case of a simple bar. 

Another possible form is a disc, in which 
case the conductor may take a spiral form 
or, preferably, a double spiral so as to avoid 
inductive effects. The simple clastic, usually 

20 metallic, disc can have the conductor on one 
face or a bimetallic or either of the above 
described sandwich constructions can be 
applied. In all these forms the deformation 
will be a change in convexity, including the 

25 case in which the disc is normally fiat and 
is rendered convex when the current passes. 

In all the forms above describ^, except 
where the heater is on a bimetallic member 
the metallic member returns towards its 

30 original form as the current continues to 
flow until equilibrium is reached, while when 
the current is cut off it wiH return to its 
original form, or substantially so. Cases 
may arise in which it is desired that the 

35 menaber once having been deformed should 
remain so after the current has been cut off 
and until some other operation, generally a 
mechanical operation, is performed. This 
can be effected by preloading the member 

40 in a condition and under a load such that 
when the current passes the member is 
moved over a dead centre. For example, a 
bar can be held under endwise ijrcssure, or 
a disc under radial pressure, which bows if 

45 slightly in a direction opposite to the bowhig 
produced by the heating effect; then when 
heating has bowed it the other way, the end 
pressure or radial pressure will continue to 
hold it bowed in this opposite direction after 

50 the current has been cut off. 

Another possibility is to use an elastic 
member generally of metal which by means 
of stresses locked in the material is in a 
labile condition. Known devices of this kind 

55 are oO-can bottoms and snap lids in Ihe case 
of discs and the blades of micro switches in 
the case of members of bar or strip form. 
By providing a device of this character with 
a heating element in accordance with the 

60 present invention a much increased deforma- 
tion can be obtained but in this case, in 
general, when the heating is stopped the de- 
vice will return to its starting position. In 
these cases the greater p^art of the movement 

65 takes place suddenly wnich may be of advan- 



tage when the device is used for electric 
switching, e.g., as a relay. 

Another possible development is to pro- 
vide a bar member or disc of the simple or 
first sandv/ich form, with a conductor on 70 
both sides; or of the second sandwich form 
with a conductor on both sides of the 
thermal insulating layer. In this case, only 
one conductor will be energised at a time, 
but by choosing which is energised, the 75 
member can be deformed to one side or the 
other. 

The conductor itself can be produced in 
various ways. It is very conveniently pro- 
duced by printing, since a printed con- 80 
ductor can easily be given the necessary 
characteristics of thinness normal to the sur- 
face on which it is printed, and any desired 
width on the surface. And of printed con- 
ductors, conductors produced in accordance S5 
with Patent No. 639.178 are particularly well 
adapted to the purpose in view. It has been 
found, for example, that a conductor of 
cupronickel foil of i mil. thick of a zig-zag 
form produced in this way on a thin support 90 
of a synthetic resin, e.g., an epoxy resin 
as sold under the Registered Trade Mark 
"Araldite'*, and secured to a metallic bar 
member by a cement such as used in the 
securing of electrical resistance strain gauges 95 
can witliout difficulty dissipate into the metal 
bar the heat derived from a loading of well 
over 10 watts per square inch. 

As above noted, it may be desirable to 
arrange the conductor in such a way that 100 
it is not harmed and does not exercise sub- 
stantial elastic constraint on the metallic 
member. This can be done by arranging die 
conductor in a zig-zag or grid iron pattern 
in which the limbs extend transverse to the 105 
length of the metallic member. In some 
cases, however, it may be desirable that the 
conductor should be elastically strained as 
the member deforms. In this case, the grid 
iron or zig-zag limbs would extend length- 110 
wise of the metallic bar, in which case the 
heating and deformation should be limited 
to a value which avoids damage. This 
arrangement may be used, for instance, 
where it is desired to keep a check at some 115 
remote point on the amount of deformation, 
or use this indication of the amount of de- 
formation to control another circuit. This 
can be done by using the conductor not only 
as a heating element but also to actuate the 120 
sort of circuit which is used with a strain 
gauge. . However, the former arrangement 
in which the grid iron or zig-zag limbs are 
transverse to the length of the metallic mem- 
ber can also be used to give a remote indica- 125 
tion or control by using the conductor not 
only as a heating element but also as a resist- 
ance thermometer. In the former case, the 
tonperature of the conductor, as well as the 
stram of the conductor, would affect the 130 
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readings and must therefore be taken into 
account. In the latter case, the temperature 
of the conductor can be ascertained but 
no direct indication of the amount d de- 

5 formation. 

A valuable feature of the device accord- 
ing to the invention is that it can exert con- 
siderable forces because In general metals 
have a high modulus of elasticity and the 

10 forces exerted are directly related to this 
modulus. On the other hand, relatively 
large movements are possible by the use of 
bimetallic and laminated members. 
The device according to the invention can 

16 be used for many purposes. In general it 
can be tised for example to replace a bi- 
metallic strip wherever such a strip is heated 
by the passage of an electric current. The 
device can be used as a relay in which case 

20 it will usually be of lighter and cheaper 
construction than an electromagnetic relay. 
In a larger size it can be used as a con- 
tactor to control heavier currents than can 
be directly controlled by a relay just because 

25 as above pointed out it is capable of develop- 
ing large forces. It can be used for the con- 
struction of switches and relays with a wide 
range of time lag from very small up to such 
long delays as would not readfly be achieved 

30 with ordinary electromagnetic relays. In the 
case of relays and switches a quick closing 
and opening action, independent of the 
actual time lag, and a large break can be 
obliged by the use of an elastic member 

35 in a labile condition as above described. The 
device can be used as an automatic inter- 
rupter of cOTiparatively low frequency by 
making its movements control the flow of 
cuirent through its own heater. 

40 The device can be used as a circuit breaker 
which remains open once it has operated 
until it is re-set manually, or by some other 
piece of apparatus. For this purpose, the 
type described above which is preloaded and 

45 moves over a dead centre when coirent 
passes, would be used. 

Since the response of the device depends 
on the current in the heating element a de- 
vice according to the invention can be made 

50 to distinguish between low currents and high 
currents and this is especially valuable in an 
automatic circuit breaker used for protective 
purposes. The device can also be used as 
an indicator in the like drcumstances where 

55 it is not necessary that a circuit should be 
broken but simply fhat an indication should 
be given when there is a sudden increase in 
current in a circuit, or a part of a circuit; 
for example, it can be used to indicate the 

60 occurrence of a temporary shcwt circuit 



Here again, the use of an elastic member in 
a labile condition may be of advantage in 
particular cases. The device can similarly 
be used to indicate the breakage of a cuir^t 
casTying element where that element is in- 65 
duded in a bridge circuit. If the element 
breaks the bridge is thrown out of balance 
by a vast amount because a fuoite resistance 
in one arm is suddenly made infinite. There 
is accordingly an immediate substantial cur- 70 
rent increase in the output diagonal of the 
bridge. If the heater of a device according 
to the invention is included in the diagonal, 
this sudden increase will actuate the device, 
thus giving a remote signal, or causing some 76 
operation to be performed, whereas the 
normal current in the diagonal while the 
bridge is (xHy out of balance to the extent 
caused by resistance variations in the arms 
will not affect it. 80 

Another passible use for the device 
according to the invention is as an indicator 
of the flow or temperature of a flowing 
medium such as a liquid. In this case, 
the flowing meditun wiU influence the heat 85 
carried away from one fe.ce of the device. 
For instance, it may flow post it and the 
heating element will usually be continuously 
energised. Changes in tlie rate of flow 
and/or the temperature of tiie medium will 90 
influence the asymmetry of the heat dissipa- 
tion in the elastic member, and thus cause 
deformations which can be indicated or 
recorded as above-mentioned. In this con- 
nection, the device is jmrticularly useful for 95 
showing sudden changes. 

The construction of the device can here 
be physically symmetrical, fox instance, the 
heating element may be the central layer 
of a sandwich of two metallic members of 100 
identical form. The flowing medium flows 
past the face of one, whUe the other is 
provided with a heat insulated or reflecting 
layer. 

Yet another possible use for the invention 1Q5 
is the application of a mechanical brake. 
Here the elastic member may constitute a 
brake shoe provided with a liner of suitable 
braking material for the particular purpose 
ia view and tlie deformation caused by the ixO 
passage of current through the heating 
element can app^y the hr&e shoe to the 
elment to be leaked. 

SEFTON- JONES, O'DELL & STEPHENS. 
Chartered Patent Agents, 
15 Great James Street, 
London, W.C.I, 

Agents for the Applicants. 



Abinedon 5 Printed for Her Majesty's Btatioiiory Oface, by Burgess & Son (Abingdon), Lid^ — 1968- 
Piibliahed at The Patent O&ee, 25, Southampton Buildmgs^ London* W.C.2, 
£rom which, copies may be obtained. 



iNSDOCID: <QB ^79214SA__L> 



792,145 COMPLETE SPECIFICATlOhi 
SHEETS ji^.^ drawing is a reproduction of 
C/se Onginal on a reduced scate, 
SHEETS I & 2 




ffg. 16. Hg. a 




INSOOCID: <GB 79Z\A5A_Jj> 



